or over a hundred years, the fruit fly, Drosophila melanogaster, has provided wonderful insights into developmental biology and the signaling molecules that regulate tissue growth and homeostasis. The wealth of mutants, rapid breeding times, and robust resources make Drosophila an ideal genetic model. The development of the fly cardiac system follows a series of orchestrated events and involves transcription factors and molecules conserved among species, including humans.
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or over a hundred years, the fruit fly, Drosophila melanogaster, has provided wonderful insights into developmental biology and the signaling molecules that regulate tissue growth and homeostasis. The wealth of mutants, rapid breeding times, and robust resources make Drosophila an ideal genetic model. The development of the fly cardiac system follows a series of orchestrated events and involves transcription factors and molecules conserved among species, including humans. 1 More recently, the fly has been used to model human heart diseases and better understand cardiomyopathies.
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The adult Drosophila circulatory system is composed of pairs of cardiomyocytes that have circumferentially oriented contractile fibers; a noncardiomyocyte-derived ventral longitudinal muscle located dorsally to the heart tube; and pericardial nephrocytes. 6 In flies, nephrocytes have been described as analogous to mammalian reticuloendothelial cells and function to filter toxins and proteins from the hemolymph, the equivalent of mammalian blood. 7 These cells express genes conserved in human renal podocytes and renal proximal tubule cells that are important for protein reabsorption and endocytosis in invertebrates and mammals. However, how nephrocytes influence cardiac function is unclear. This is an important question because of the potential to better understand the function of extracellular signals that affect cardiomyocyte biology, with direct translation to human diseases.
Recent studies from the Hartley and Bodmer groups, described in their publication by Ivy et al, 8 identified that Krüppel-like factor (Klf15), a transcription factor required for mammalian podocyte differentiation, was required for insect nephrocyte development. In the current issue of the journal, these groups extend their investigations to address how nephrocytes influence cardiomyocytes. 9 Using dKlf15 NN/NN mutants, that harbor a piggyBac P-element insertion within the coding region of dKlf15 and lack pericardial nephrocytes, the authors observed bradycardia, prolongation of the diastolic period, and increased systolic and diastolic dimensions. Moreover, nephrocyte-specific RNAi directed against dKlf15 recapitulated these cardiac abnormalities, postdevelopmentally.
Because nephrocytes are endocytic and clear extracellular proteins, it was hypothesized that dKlf15 NN/NN mutants would have enrichment of specific extracellular proteins and these factors may be responsible for the cardiomyopathy observed in the absence of pericardial nephrocytes. To address this hypothesis, proteomic analyses were conducted to identify peptides that were enriched in the hemolymph of dKlf15 NN/ NN . Additional filtering algorithms identified proteins that had predicted signal peptides consistent with extracellular proteins. Among the peptides that had increased abundances in the absence of nephrocytes, secreted protein acidic and rich in cysteine (SPARC) was highly enriched and identified as a potential candidate responsible for the nonautonomous changes in cardiac function ( Figure) .
SPARC, also known as Osteonectin or BM-40, is an evolutionarily conserved matricellular protein composed of an acidic amino terminal domain, a Follistatin-like domain, and a high-affinity calcium-binding EF hand carboxyl terminal domain. [10] [11] [12] Expressed during many stages of development in Drosophila, Caenorhabditis elegans, mice, and humans, SPARC expression is restricted in adult vertebrates primarily to tissues that undergo consistent turnover or to sites of injury and disease. 13 SPARC functions through several proposed mechanisms including, but not limited to, modulation of (1) matrix metalloproteinases, critical mediators of extracellular matrix proteolysis and turnover; (2) growth factor signaling mediated by cell surface receptors, including vascular endothelial growth factor receptor, basic fibroblast growth factor, and transforming growth factor-β1; (3) integrin and Integrin-Linked Kinase activity; and (4) monocyte/macrophage recruitment. [12] [13] [14] [15] [16] Studies of transgenic mice have shown that the deletion of SPARC alters the balance between processing to mature collagen fibrils and degradation. 17 This lack of SPARC leads to increased cell-associated collagen degradation or uptake by cell surface collagen receptors resulting in less procollagen effectively processed into mature fibrils and decreased levels of interstitial collagen assembled into insoluble fibers. 13 Conversely, SPARC overexpression promotes efficient procollagen processing and incorporation of collagen into fibrils thus enhancing deposition of collagen and formation of mature fibers.
In response to transverse aortic constriction, wild-type mouse hearts exhibit enhanced collagen deposition, augmented SPARC expression, and increased myocardial stiffness. 18 Interestingly, the hearts from global SPARC knockout mice that underwent transverse aortic constriction had decreased collagen deposition and myocardial stiffness. 18 After myocardial infarction, SPARC mRNA and protein levels increased in the infarct and remote zones-paralleling collagen deposition. 19 SPARC knockout mice had higher rates of myocardial rupture and ventricular dysfunction after myocardial infarction and the overexpression of SPARC by adenoviral delivery to wild-type mice improved cardiac function after myocardial infarction. Interestingly, SPARC has also been implicated in the modulation of transforming growth factor-β1 and myofibroblast conversion, again suggesting additional roles of SPARC in the maintenance of myocardial function after injury. 19 The observation that the levels of SPARC and other proteins were increased in dKlf15 NN/NN mutants, lacking nephrocytes, has significant implications. Importantly, questions about the mechanisms that underlie the observations by Hartley et al 9 require further investigations. First, how does SPARC induce the cardiac abnormalities in the dKlf15 NN/NN mutants and how does SPARC function in normal cardiac function in Drosophila? In Drosophila embryos, SPARC is synthesized and secreted by hemocytes, promoting collagen IV localization at the basal lamina. 20 Moreover, SPARC is essential for collagen IV assembly into the basal lamina and for its proper secretion from fat body cells. In mammals, SPARC functions as a matricellular protein, namely an extracellular matrix-associated protein that does not serve the classical structural roles of laminins and collagens. As mentioned, in response to transverse aortic constriction, wild-type mouse hearts exhibit increased collagen deposition, SPARC expression, and myocardial stiffness. 18 The hearts from global SPARC knockout mice that underwent transverse aortic constriction had decreased collagen deposition and myocardial stiffness. The cardiac abnormality in dKlf15 NN/NN mutants observed by Hartley et al was mainly an increase in the diastolic period. Assuming that a lengthening in the diastolic period is a surrogate for diastolic function in flies, the increased levels of SPARC in the dKlf15 NN/NN may represent changes in myocardial stiffness in the Drosophila heart. Perhaps, the fly model may lead to better understanding of the pathways that contribute to diastolic dysfunction and heart failure in humans.
Second, are there additional mechanisms through which SPARC is acting in the Drosophila heart that are not the direct result of changes in the extracellular matrix? Cells compete for survival during organ growth, homeostasis, and aging/ senescence. In Drosophila, SPARC was shown to be transcriptionally upregulated early in loser cells to provide transient protection by inhibiting caspase activation in outcompeted cells. 21 Interestingly, the silencing of SPARC in cardiomyocytes using tinD-Gal4 caused an increase in end-systolic dimension and reduction in fractional shortening, suggesting additional mechanisms through which SPARC mediates influence on cardiac function. 9 Could alterations in SPARC levels change other ligands, receptor expression on the surface of cardiomyocytes, or the metabolic profile of cardiomyocytes that cause the abnormalities in cardiac function observed in dKlf15 NN/NN ? Could these mechanisms contribute to SPARCmediated changes in heart function?
Third, are there factors expressed by pericardial cells that are lost in the dKlf15 N/N flies that also contribute to the phenotype? If so, are these conserved across species-including humans? Can the identification of these molecules provide insight into cardiomyocyte health and cardiac function? The robust data sets generated by Hartley et al provide a framework to address these important questions.
The findings reported by Hartley et al further highlight the growing interest in Drosophila as a model system of cardiovascular diseases. Furthermore, the studies serve as an example of the conservation of signaling molecules among species and the power of comparing the interspecies differences to identify the signals that govern cardiac biology.
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